A density-functional approach for the calculation of the density of particles adsorbed on the surface of a solid is explored including the adparticle two-body interaction. The coverages and effective surface potentials so obtained compare very well with those of previous Hartree-Fock calculations for the system Ar/Ag.
I. INTRODUCTION
A gas is said to physisorb onto the surface of a solid if the net interaction between a gas particle and the solid is accounted for by an effective surface potential, V, (r), the long-range part of which is essentially the interaction energy between the mutually induced fluctuating dipole moments in the adparticle and in the solid. The strong short-range repulsion is largely due to increasing charge fluctuations as the adsorbing particle gets confined close to the surface. At very low coverages 0, one may neglect interactions between the adparticles. However, as their average separation in the adsorbate approaches that of a liquid, this interaction plays a crucial role in determining the properties of the adsorbate. Two-dimensional latticegas models have been conceived in which this interaction is incorporated via hopping matrix elements between sites.
To treat the dynamics of adsorption and desorption appropriately a fully three-dimensional theory was developed within the temperature-dependent Hartree-Fock approximation.
It yields such single-particle information as coverage-dependent bound-state energies and wave functions from which the adparticle density can be constructed as well as an effective, coverage-dependent surface potential V, (r, e)= V, (r)+ VMF(r, e) .
Here V, (r) is the bare surface potential between a single particle and the substrate and VM"(r, e) is the mean-field potential experienced by one gas particle in the presence of all others. Consider the grand-canonical potential, which is a functional of the particle density n (r):
The contributions here are from, respectively, the (substrate) surface potential, the two-body Hartree interaction, We take U0/kz --430 K and z0 --y '=0. 594 A. A plot of these two potentials is shown in Fig. 1 . The range of the Ar-Ar interaction is much larger than that of Ar-Ag; furthermore, the former is strongly repulsive and essentially constant over variations -y about the minimum of V, (z). One expects a significant shallowing of the bare surface potential and the formation of a repulsive barrier as the density of adatoms over the Ag surface increases.
III. LOCAL-DENSITY APPROXIMATION
We first examine the solution of (4) in the simplest case of retaining the purely local-density terms. This localdensity approximation (LDA), which is equivalent to the statistical Thomas-Fermi model, permits an investigation of the major effects of the two-body interaction in producing an effective surface potential. The latter then serves as a useful starting point for the solution when the gradient corrections are included [extended Thomas-
The one-dimensional form of (4) 
The nonlocal corrections enter via the kinetic energy functional only. Finally, and in keeping with the work of
The coefficients fo and f., functions of the local density, are known, and while the coefficients of O( (Vn) ) terms at finite temperature are now available, it will be sufficient, and practical, for our purposes to truncate the expansion at second order.
For our approximation of the two-body interaction terms in (2) we necessarily follow SSTK in order to allow a comparison between their method and ours. In particular, they considered the mean-field part of (2) f (z) = -13V, (z) -onp J dz'ef' 'PV(z -z') . (13) Far from the substrate surface, V,~O -, the gas is very dilute, approximating an ideal gas (the two-body term is negligible) f (z)~0+, and n (z)~np =PP, where P is the pressure at the container wall. p is determined via (12). where g =rI(z), I"(g) is the standard Fermi integral, and k=(2M Pjm)'/ is the thermal de Broglie wavelength.
One derives
FICi. l. Effective Ar-Ar potential V(z), calculated from (6) with E/kq --119.9 K, o = 3.42 A, z~--2. 85 A, a = 15, and A =0.133 [such that V{0)= -5V;"]; Ar-Ag surface potential (7) with U /k =430 K, zo --y '=0. 594 A. and N, is the areal density of available sites. Clearly, the region of the minimum of the effective surface potential, V, (z, e)= -P 'f (z), is of primary importance in determining 6.
The numerical solution of (13) T (K) e, e"" e,"" no (10' cm )
IV. EXTENDED THOMAS-FERMI MODEL
We now modify (13) by the inclusion of the densitygradient terms present in (4). The function f2(n) has been determined from the polarizability function of a noninteracting fermion gas at long wavelengths.
The result
Equation (9b), (11) (z) +o no dz'ef"/3V(z -z') =0, (15) 0 with f'= df/dz-, C= -48~/A, . The effective surface potential is now defined by V, (z, 6) = V, (z)+o no J dz'es' '/3V(z -z'), (16) where g is the self-consistent solution of (15) .
It is instructive to examine the form the solution must take in the case of very low coverages for which we may set V(z) =0. Equation (15) For Ar at 20 K, this reduction is found to be 22% of the LDA value, which is not an insignificant reduction in spite of the nearly classical nature of the system. Incidentally, the particle density obtained by solving Schrodinger's equation directly for the bound-state eigenfunctions in the Morse potential is in close agreement with that obtained from this corrected f (z); the coverage in the former case is reduced by 26% from the LDA result. Such good agreement justifies, in part, both the inclusion of the gradient corrections to Fk[n] and their truncation at second order [cf. (3) ]. In the case where the two-body term is not negligible, we do not expect so large a reduction in n (z), given the manner in which a change in f (z-zo) drives a change in the effective potential in (15) .
The solution of (15) is more difficult than may be apparent, even in the case where V(z)=0. Equation (15) 
